Our aims were to evaluate the clinical performance of human telomerase RNA gene component (hTERC gene) amplification assay with high-risk human papillomavirus (HR-HPV) DNA test of Hybrid Capture 2 DNA test (HC2), for the detection of high grade cervical precancerous lesions and cancer (CIN 2+). In addition, the association shown between hTERC gene amplification and HPV DNA test positive in women with and without cervical neoplasia was assessed. There were 92 women who underwent cytology, HR-HPV DNA test, hTERC gene amplification test, colposcopy and biopsy. We compared the clinical performance of hTERC gene test along with HR-HPV DNA test of women with colposcopy and routine screening. The samples were histologyconfirmed high-grade cervical intraepithelial neoplasia (CIN 2) or worse (CIN2+) as the positive criterion. The test of hTERC gene showed the hTERC gene amplification positivity increased with the severity of histological abnormality and cytological abnormality. The test of hTERC gene showed higher specificity than HR-HPV DNA test for high-grade lesions (84.4% versus 50%) and also higher positive predictive value (90.4% versus 76.5%). Our results predicted that hTERC gene amplification demonstrated more specific performance for predicting the risk of progression and offer a strong potential as a tool for triage in cervical cancer screening, with the limited sensitive as HR-HPV DNA test.
Introduction
Cervical cancer is one of the most common gynecological cancer, the third most commonly diagnosed cancer among women and the fourth leading cause of cancer related mortality among women (Jemal et al., 2011) , about 29 million people worldwide die of cervical cancer each year, with 3 million people in our country alone, and tend to younger (Baussano et al., 2010) . Cervical cancer screening in most countries has worked effectively and reduced the mortality rate remarkably with the using of cytological examination of cervical smears. However, cervical cytology is known to display only a modest sensitivity for cervical precancerous lesion or cancer.
Numerous studies had shown that Infection with high-risk human papillomavirus (HR-HPV) has been recognized as the necessary cause of cervical cancer (Trope et al., 2009) . However, most of the HPV infections are asymptomatic and transient, and more than 90% of new infections will be resolved within 2 years (Moscicki et al., 2006) . As such persistent infection with highrisk types is a significant risk factor which initiates the RESEARCH ARTICLE
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Infection are Related to Cervical Intraepithelial Neoplasia Xu-Ye Zhao 1,2& , Yong Cui 3& , Shu-Fang Jiang 1 , Ke-Jun Liu 1 , Hai-Qiong Han 2 , Xiao-Su Liu 2 , Yali Li 1 * oncogenic process and mediated by up-regulation of E6/ E7 oncological proteins. Thus overexpression of these oncological proteins is associated with an increased risk of lesion progression (Trope et al., 2009) . hTERT activation by HPV E6 proteins is uniquely associated with oncogenic types (Van Doorslaer and Burk, 2012) . AKT1 loss associated with episomal HPV16 may have positive prognostic implications in vulval intraepithelial neoplasia because the expression of E7 reflects tumour progression (Ekeowa-Anderson et al., 2012) . It was reported that HPV genotypes and associated cervical cytological abnormalities in women from the Pearl River Delta region in China (Jing et al., 2014) .
Recent research shows that in cervical intraepithelial neoplasias's (CIN's) progression to invasive cervical cancer involves an increase in copy number of the long arm of chromosome 3 (3q) (Kirchhoff et al., 2001) . Gain of 3q in cervical cancer has been mapped to 3q26-27, a region which contains human telomerase RNA gene component (hTERC gene) that encodes the template of telomerase RNA (Wilting et al., 2013) . Telomerase activation maybe a relatively early event in cervical carcinogenesis, so telomerase activity and expression of its components may represent valuable biomarkers for the diagnosis and prognosis of patients with cervical neoplasia (Zheng et al., 2000) . It has been reported that genomic amplification of the hTERC associated with human papillomavirus was related to the progression of uterine cervical dysplasia to invasive cancer . Therefore, it is very significance of human telomerase gene amplification detection for cervical cancer screening (Chen et al., 2012; Wang et al., 2013) .
The aim of this study was to evaluate the clinical performance of hTERC gene amplification assay with HR-HPV DNA test, for the detection of high grade cervical precancerous lesions and cancer (CIN 2+). And to study the association showed between hTERC gene amplification and HR-HPV DNA positive with the severity of the cervical lesion.
Materials and Methods

Clinical specimens
This study is a cross-sectional study using the hospital based analytic design. Participants were recruited consecutively among those who visited Chinese People's Liberation Army General Hospital for a cervical smear in Beijing from March 2011 to August 2012, the number of patients was 92 (median age 42 years, range 24-65 years). Exclusion criteria included a history of treatment for cervical lesions in the previous 1 year or pregnant woman or hysterectomy or any prior type of cancer. All enrolled patients have gone through liquid-based Pap test, HPV DNA test by Hybrid Capture 2 (HC2), and hTERC amplification by Fluorescence in situ hybridization (FISH) detection. The research protocol was approved by the institutional Ethics Committee of Chinese People's Liberation Army General Hospital. All the participants signed an individual informed consent after receiving a detailed explanation of the research. And all the data were processed respecting the confidentiality of the participants. Study design and population.
hTERC amplification test performed by FISH detection
FISH was performed by an expert blinded to the cytologic and histologic findings, and the procedures were briefly as follows. Briefly, slides were washed in dimethylbenzene and alcohol, and dehydrated in 70%, 80% and 100% alcohol. In darkness, the labeled oligonucleotide probes were carried out according to manufacturer's instructions. And then, slides were washed in 4X SSCT three times, and 0.1X SSC three times before mounting in DAPI. Finally, Fluorescent microscopy was performed with fluorescent microscope.
HPV DNA testing by HC2
Testing for HR-HPV DNA was performed principally by using the Hybrid Capture 2 test, a signal amplification test based on the hybridization of 13 high-risk oncogenic types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) RNA probe cocktail with the targeted DNA, and the DNA-RNA hybrids can be captured and detected by chemiluminescent. This test was performed with 4 ml of PreservCyt samples according to the manufacturer's instructions. The positive cut off (CO) value was considered the mean of the positive control samples, the results were considered positive when the ratio between the relative-light units of the sample (RLU) and the positive CO (RLU/CO) was 1 or greater.
Cytological diagnosis criteria
Cervical samples were evaluated for cervical cytology in the gynecological Laboratory of Chinese People's Liberation Army General Hospital by two academic cytopathologists blinded to case-control status. Slides were prepared using a liquid-based cytology method, the ThinPrep system (Cytyc Corporation, MA, USA). Cytological classifications of disease grade were made in conformity to Bethesda2001 criteria (Anttila et al., 2010) . A diagnosis was assigned to each case as having negative for intraepithelial lesion or malignancy (NILM) or having an epithelial cell abnormality such as atypical squamous cells of undetermined significance (ASC-US), atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion (ASC-H), low-grade squamous intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL), squamous cell carcinoma (SCC) and atypical glandular cells (AGC) (Solomon et al., 2002) .
Histological diagnosis criteria
Cervical biopsies were taken only from those women with abnormal colposcopy, and this was performed at the time of cervical cytology specimen collection. Colposcopy was conducted by participating obstetrics and gynecology (OB/GYN) specialists from Chinese People's Liberation Army General Hospital blinded to case-control status. Cervical biopsy results were obtained and read by two or more pathologists from Chinese People's Liberation Army General Hospital blinded to case-control status. All slides were diagnosed according to the current World Health Organization.
Statistical analysis
All statistical analyses were performed using SPSS 17.0 statistical package for Windows. Pearson's c 2 test was used to evaluate the significance of differences between designated groups. P<0.05 was considered significant. Sensitivity, specificity, and predictive values were calculated using the conventional contingency tables, and 95% confidence intervals (95% CIs) were computed using exact binomial methods.
Results
Cytologic or histologic diagnosis and positivity rate for hTERC gene amplification
All enrolled patients, overall 92 patients (median age 42 years, range 24-65 years) had HR-HPV DNA test and liquid-based cytology (LBC) on the same sample. According to the cytological indexes, 52 out of 92 samples (56.5%) were hTERC gene amplification test positive. HTERC gene amplification test positivity rates rose from 22.7% (5/22) for NILM (negative for intraepithelial lesion or malignancy), 44 % (11/25) for ASCUS (atypical DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.693 Human Telomerase Gene and High-Risk Human Papillomavirus Infection are Related to the CIN squamous cells of undetermined significance) and 60% (12/20) for LSIL (low-grade squamous intraepithelial lesion), 96% (24/25) for ASC-H+ (atypical squamous cells, can't exclude high-grade squamous intraepithelial lesion). Histology revealed that, of the 92 specimens, 10 (10.9%) were normal, 22 (23.9%) were classified as CIN1, 24 (26.1%) as CIN2, 15 (16.3%) as CIN3, and 21 (22.8%) as cervical carcinoma (Table 1) . The positive rate of hTERC gene amplification rose from 10% (1/10) in normal, 18.2 % ( 4/22) in CIN 1 to 58.3% (14/24) in CIN2, 80% (12/15) in CIN3 and 100% (21/21) in carcinoma (squamous cell carcinoma and adenocarcinoma) ( Table 1) .
Comparative performance of hTERC gene amplification test and HR-HPV DNA assay
To better investigate the performance of hTERC gene amplification test and HR-HPV DNA assay, the data concerning the group of 92 patients which was detected by these two tests was analyzed. The concordance between the two tests was 67.4% (62/92), with 45 cases double positive and 17 cases double negative with both tests. Accordingly, there was discordance in 30 cases 32.6% (30 / 92). hTERC gene amplification test was positive in 7 cases, which were negative with HR-HPV DNA test, while 23 cases were positive with HR-HPV DNA test and negative with hTERC gene amplification test. The positivity rates of hTERC gene amplification test and HR-HPV DNA assays were 56.5% (52/92) and 73.9% (68/92), respectively. The positivity rate 29.2% (7/24) for hTERC gene amplification was higher in the HR-HPV infected patients than 66.2% (45/68) in HR-HPV negative patients, there was significant differences (P<0.05), suggesting the infection of HR-HPV DNA is closely related to the positivity of the hTERC gene amplification.
Correlation of hTERC gene amplification test and HR-HPV DNA with CIN 2+
The detection of hTERC gene amplification test in cervical specimens and HR-HPV DNA were analyzed in relation to histology status. The prevalence of CIN 2+ was 65.2% (60/92). The specificity was significantly higher for hTERC gene amplification test 84.4% (27/32) (95% CI, 68.25, 93.14) than that of HR-HPV DNA test 50% (16/32) (95% CI, 33.6, 66.4) (Tables 3, 4 and 5).
Discussion
Cervical cancer has become a global health problem, the use of HR-HPV DNA tests in primary screening have been shown in several studies to be more sensitive than conventional cytology in detecting cervical cancer and severe precancerous lesions and may serve to prolong the screening interval (Anttila et al., 2010) . But the specificities of HR-HPV DNA tests for identification of cervical neoplasia are lower than those for cytology, especially among younger women (Szarewski et al., 2008) . Recent studies showed that the detection of the hTERC gene amplification and abnormal cervical screening of high-risk lesions has clinical significance. Monitoring the development of cervical lesions has important clinical value.
In the present study, hTERC gene amplification assay showed that the hTERC gene amplification positivity increased with severity of histological abnormality and ranged from 15.6% (5/32) for CIN 1-to 66.7% (26/39) in CIN2-3 and 100% (37/40) in carcinoma. Women with CIN2+ were more likely to test positive for hTERC gene amplification than those with CIN1-(78.3% versus 15.6%; P<0.01). The overall positivity rate of the hTERC gene amplification assay was 56.5% (Table 1) . Similar results are presented here, many studies have confirmed hTERC gene from chronic cervicitis and CIN to cervical lesions, its amplification yields a positive rate and was positively correlated with severity. High-level cervical lesions often present hTERC gene amplification (Costa et al., 2009; Sui et al., 2009; Chen et al., 2011) .
In the present study, hTERC assay showed that the positivity of hTERC gene amplification also increased with the severity of cytological abnormality, ranging from 22.7% (5/22) for NILM, 51 % (23/45) for ASCUS and LSIL, 96% (24/25) for ASC-H+. That is consistent with the previous studies, Heselmeyer-Haddad and others found three-color FISH probes for cervical smears and detected 3q26 hTERC genes. This gene amplification was found to aggravate hTERC with cytological lesions increased (Pett et al., 2006) . Caraway NP et al used the fluorescence in situ hybridization analyzed cervical cytology samples showed cervical intraepithelial neoplasia had the same degree of progress; and the abnormal hTERC gene amplification rate was gradually increased (Caraway et al., 2008) . Zhang proposed that the hTERC gene FISH assay can be accurately distinguished between low-grade and high-grade cervical intraepithelial neoplasia and that this can be used for secondary screening of high-risk patients (Zhang et al., 2009 ).
In the present study, hTERC gene amplification test showed the higher specificity than HC2 test (84.4% verse 50%). Current research given that referring all HR-HPV DNA-positive women to colposcopy will result in over diagnosis, overtreatment, and high costs. The use of hTERC gene amplification test will significantly reduce the number of women without CIN2+ referred to colposcopy or requiring further assessment. There may be merit for using hTERC gene amplification test in triage or as an add-on to HPV DNA testing.
In the present study, the comparative performance of hTERC gene amplification test and HC2 showed a concordance of 67.4%. In terms of clinical performance, this is consistent with many previous studies, the hTERC gene amplification with the HPV infection and host genes in the process of integration has played a key role In cervical precancerous lesions (Hopman et al., 2006) . HR-HPV infection may undergo abnormal gene amplification as early events. hTERC increases telomerase activity. The HPV oncogenic mechanism may be an important part of host cells that are infected with a HPV telomerase gene amplification. It leads to lesions pathological changes and this genetic alteration becomes more and more serious as the disease progresses (Oikonomou et al., 2006) . This study was limited by the lack of follow-up data. A prospective follow-up was planned for further increase the sample size to reduce this bias.
In conclusions, our results suggest that hTERC gene amplification test demonstrated more specific performance for detecting CIN2+ with the limited sensitive as HR-HPV DNA and have the potential to serve as a more specific test for predicting the risk of progression and offer a strong tool for triage in cervical cancer screening. Further investigations are needed to follow-up in screening setting. DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.693 Human Telomerase Gene and High-Risk Human Papillomavirus Zhang ZM, et al (2000) . Telomerase activity in Papanicolaou smear-negative exfoliated cervical cells and its association with lesions and oncogenic human papillomaviruses. Gynecol Oncol, 77, 394-8.
